It has been questioned if Candida pneumonia exists as a clinical entity. Only histopathology can establish the definite diagnosis. Less invasive diagnostic strategies lack specificity and have been insufficiently validated. Scarcity of this pathomechanism and nonspecific clinical presentation make validation and the development of a clinical algorithm difficult. In the present study, we analyze whether Candida pneumonia exists in our critical care population. We used a bronchoalveolar lavage (BAL) specimen database that we have built in a structural diagnostic approach to ventilator-associated pneumonia for more than a decade consisting of 832 samples. Microbiological data were linked to clinical information and available autopsy data. We searched for critically ill patients with respiratory failure with no other microbiological or clinical explanation than exclusive presence of Candida species in BAL fluid. Five cases could be identified with Candida as the likely cause of pneumonia.
Pneumonia is a frequent diagnosis in patients admitted to the intensive care unit (ICU). In the majority of cases, the pathogenic organism is of bacterial origin. There are known differences in the spectrum of these pathogens, depending on the circumstances at the time the patient acquired pneumonia. When pneumonia is developed at home it is called communityacquired pneumonia (CAP). Community-acquired pneumonia is distinguished from hospital-acquired pneumonia (HAP) because the latter develops when the patient is already admitted to hospital. If the patient lives in a nursing home or comparable institution before admittance, the causative pathogen is more likely within the spectrum of HAP. If pneumonia affects a patient on the respirator it is called ventilator-associated pneumonia (VAP) [1] . The bronchoalveolar lavage (BAL) is a widely accepted diagnostic tool to confirm the diagnosis of pneumonia and to identify the nature of the associated pathogen. BAL is indicated if there is clinical suspicion of pneumonia, ie, a newly developed infiltrate on the chest x-ray, fever, and an increased leukocyte count in the blood. Bronchoalveolar lavage examination showing more than the cutoff value of 2% intracellular organisms (ICO) and BAL culture yielding more than 10 4 colony-forming units (CFU)/mL is recognized as proof of a bacterial infection [2] [3] [4] . There is still debate whether fungal infections play a role in the development of pneumonia. In particular, the role of Candida species remains a diagnostic dilemma. It has been questioned whether Candida pneumonia exists at all. In contrast to the defined culture threshold for bacterial CFU, there is no such standard to distinguish fungal colonization from fungal infections. The question raised in this study is whether we can identify critical ill patients with respiratory failure with Candida growth in BAL specimens as a single possible explanation of pneumonia? To answer that question, we reviewed our database of BAL specimens that was built over more than 10 years and contained 832 BAL samples.
MATERIALS AND METHODS
The study was conducted at the ICU of the University Hospital Maastricht. The ICU is an 18-bed, mixed medical and surgical unit. ); more than 10 leukocytes in Gram stain of tracheal aspirate (in high-power field); positive culture of tracheal aspirate; and a new, persistent or progressive infiltrate on chest radiograph. Patients underwent bronchoscopy with BAL conducted by senior fellows or consultant pneumologist. A fiberoptic bronchoscope (Pentax FB-15H/FB-15X; Pentax Medicals, Tokyo, Japan) was introduced and "wedged" into the affected segmental or subsegmental bronchus. Sterile saline (0.9% NaCl, room temperature) was instilled in 4 aliquots of 50 mL, immediately aspirated, and recovered. Bronchoalveolar lavage samples were transported to the laboratory within 15 minutes after collection and processed immediately upon arrival. Bronchoalveolar lavage workup included the following: a total cell count, a differential cell count, microscopic investigation of a Gram-stained preparation, and quantitative bacterial and fungal culture. Depending on clinical suspicion, polymerase chain reaction for viruses and atypical bacteria were included. Bronchoalveolar lavage fluid samples were excluded if (1) the recovered volume was <20 mL, (2) the total cell count was <60 000 cells/mL, (3) more than 1% squamous epithelial cells, or (4) more than 5% bronchial epithelial cells were present [2] . Between January 2000 and December 2010, 832 BAL fluid samples were retrieved from ICU patients and therefore eligible for inclusion. One hundred thirty-one BAL fluid samples were excluded because they fit 1 or more of the exclusion criteria. Therefore, 701 BAL fluid samples were finally included in the present study. Only clinical data collected during the treatment of patients were used in the analysis. No further experimental data were collected. Patients consented to the use of clinical data for scientific analysis according to the admission regulations if they did not opt out. This approach was approved by our local ethics commission.
RESULTS
Case 1 patient was an elderly woman who was admitted to hospital in a state of malnourishment. She suffered from loss of appetite, with significant weight loss, diarrhoea, vomiting, and dehydration. At presentation, she had shortness of breath and decreased consciousness. An x-ray examination showed bilateral micronodular infiltrations (Figure 1 ). Community-acquired pneumonia was suspected. After resuscitation, intubation and ventilation BAL was carried out. Bronchoalveolar lavage analysis revealed 360 000 cells/mL, no squamous epithelium, many leucocytes, but no bacteria on Gram staining. Further analysis showed 6.2% intracellular yeasts and no intracellular bacteria ( Figure 2 ). Differentiation showed 97.4% polymorphonuclear cells, 2.2% lymphocytes, and 0.2% macrophages. Thoracic computed tomography (CT) scanning revealed bullae, interstitial abnormalities with fibrosis, and nodules as well as a cystic mediastinal abnormality (Figure 3 ). Further diagnostic evaluation by gastroscopy elucidated the presence of a Zenker's diverticulum in the upper respiratory tract. Sputum cultures, BAL, and cultures from the Zenker's diverticulum revealed colonization with a high load of Candida glabrata. We suspect that recurrent silent aspiration of food remnants colonized with C glabrata out of the Zenker's diverticulum finally caused pneumonia. The development of pneumonia was promoted by a reduced immunological defence due to serious malnourishment and cachexia. After surgical treatment of the Zenker's diverticulum and administration of antifungal medication, she recovered from respiratory insufficiency and was eventually discharged from hospital.
Case 2 concerns a 55-year-old male patient who was immunocompromised by prednisolone and cyclosporine medication after stem cell transplantation due to myelodysplastic syndrome. The treatment was complicated by graft-versus-host disease. The patient was admitted to ICU in state of general malaise with serious respiratory failure. Chest x-ray revealed infiltrative consolidations in the right lung and pleural effusions. Under suspicion of HAP, a BAL targeting the affected site was done and yielded 55% intracellular yeasts and more than 10 5 CFU/mL Candida albicans. Despite maximal treatment efforts, the condition of the patient deteriorated and he subsequently died from respiratory failure. We obtained permission for an autopsy. Lung tissue culture yielded Candida species. Therefore, we consider this a proven Candida pneumonia.
Case 3 describes a 64-year-old male patient admitted to hospital with bacterial meningitis. He was treated with ceftriaxone and high-dose dexamethasone. In hospital he developed peritonitis due to perforated diverticulitis. After laparotomy he was admitted to ICU with septicaemia and respiratory failure. Chest xray revealed bilateral both upper quadrant infiltrative consolidations. Hospital-acquired pneumonia was suspected. Bronchoalveolar lavage fluid contained a low percentage of intracellular yeast (0.4%) but yielded 4 × 10 3 CFU/mL C albicans and 5 × 10 2 CFU/mL C glabrata. Peritoneal fluid and sputum specimen cultures also revealed Candida species. The patient received fluconazole treatment and finally recovered. Specific risk factors that colonization with Candida results in infection were the immunosuppression with dexamethasone and gastrointestinal perforation. We think that the pneumonia in this case was likely caused by Candida species in absence of other microorganisms. Case 4 refers to a 55-year-old male patient with a history of alcohol abuse. He was treated in the department of neurosurgery for brain metastasis due to adenocarcinoma of unknown origin. The histology was most compatible with lung carcinoma. To reduce oedema, he was treated with dexamethasone after surgery. Later, he developed acute pancreatitis and was admitted to ICU in septic shock with respiratory failure. He was intubated and ventilated. Thorax CT revealed infiltrative consolidations in all quadrants. We performed BAL and demonstrated the presence of 7.4% intracellular yeasts and yielded 5.6 × 10 5 CFU/mL C albicans. Sputum culture from a tracheal aspirate also contained C albicans. The origin of a Streptococcus mitis found in a blood culture was not evident. Streptococcus mitis are commensal bacteria that colonize hard surfaces in the oral cavity as well as mucous membranes. These Gram-positive bacteria are not usually pathogenic but can cause bacterial endocarditis. There were no signs of endocarditis or central venous line infections in this patient. Despite antimycotic and antibacterial treatment and maximal efforts, the patient subsequently died from respiratory failure. Permission for autopsy could not be obtained. We recognize a number of risk factors in this patient that could explain that Candida colonization probably resulted in pulmonary infection. The patient was immunocompromised due to steroid treatment after neurosurgery. He had an active malignant process, a history of alcohol abuse, and developed an acute pancreatitis with septic shock. Case 5 concerns a 70-year-old male patient with coronary artery disease who was admitted to hospital with acute myocardial infarction. Before successful intubation and ventilation, he aspirated a significant amount of gastric contents. Subsequently, he developed VAP with bilateral infiltrations on chest x-ray. We performed a BAL and started with broad-spectrum antibiotics. Bronchoalveolar lavage revealed a small amount of intracellular yeasts and yielded C glabrata in culture. The patient finally died from circulatory failure. There was no permission for an autopsy to further confirm pulmonary infection. In absence of other causative microorganisms, Candida species most likely played a role in the development of pneumonia. Although Candida species may have been innocent bystander in an otherwise chemical damage of the lungs by acidic gastric fluid aspiration, we would support the choice for antifungal treatment in a deteriorating clinical situation.
DISCUSSION
After reviewing all 701 included BAL specimens and corresponding clinical cases, we were able to identify only 5 cases (0.7%) of presumed Candida pneumonia. In case 1, Zenker's diverticulum represented a source of substantial fungal growth and presumably microaspirations. In state of chronic malnourishment, the elderly patient developed pneumonia. Diagnostic specimens all yielded fungi, and the patient responded well to surgical removal of the source of infection and additional antimycotic therapy. Case 2 patient's specific risk factor was serious immunosuppression by hematological malignancy and subsequent treatment. Diagnostic specimens resulted in a high number of ICO and significant fungal growth. After death, the diagnosis of Candida pneumonia could be established by autopsy. In case 3, the patient was also immunocompromised by steroid treatment. There was a substantial growth of fungi in BAL fluid and peritoneal fluid. In absence of other pathogens, pneumonia was presumably caused by fungi. Case 4 patient was also immunocompromised by steroid treatment and malignancy. Bronchoalveolar lavage fluid analysis revealed a substantial number of ICO and fungal growth. Case 5 patient had a witnessed aspiration. Later, there was substantial growth of fungi in BAL fluid. Although the signs of pneumonia could be caused by chemical damage after aspiration, the treatment with antimycotics can probably be justified in a clinically life-threatening situation.
Candida species are frequently found in tracheal aspirate specimens even in healthy patients. After 48 hours of intubation and ventilation, up to 20% of patients are colonized with Candida species at the tracheobronchial site. This proportion increases with the duration of ventilation [5] . Wood et al [6] analyzed BAL cultures from critically ill patients over 3 years. They found 8% positivity for Candida. Nine-seven percent of positive findings were thought to be colonization or inconclusive and only 3% were classified as VAP by the treating physician. Even though antifungal treatment was not initiated, no patient developed systemic candidiasis. Candida risk score was conceptualized and validated to identify patients with a high risk to develop invasive candidiasis. In a multicenter approach, enough patients with invasive candidiasis could be included to develop a clinical score that consists of the components severe sepsis, septic shock, total parenteral nutrition, surgery, and multifocal Candida colonization. In patients with a score >3, the risk of developing invasive candidiasis was significantly increased. Those patients would benefit from antifungal therapy [7, 8] . Candida pneumonia is an even scarcer pathomechanism. This finding makes the development of a comparable diagnostic algorithm difficult. Treatment of all patients with BAL fluid analysis positive for Candida would result in excessive use of antifungal agents with risk of rapid development of drug resistance. Sheer presence of Candida in the BAL obviously does not prove a pathogenetic role of this microorganism in the development of pneumonia. Kontoyiannis et al [9] found in their study of cancer patients a poor association among tracheal aspiration specimens, BAL specimens, and autopsy studies for fungal infections. The radiological morphology of Candida lesions is diverse. Bronchopneumonia, abscesses, granulomas, and intracavitary membranous exudates have all been described as x-ray findings [10] . Moreover, there is no specific appearance on high-resolution chest tomography. Random nodules are commonly seen in patients with candidiasis. The real incidence of Candida pneumonia is thus notoriously difficult to determine. The most reliable method would be lung histology and proof of an association between Candida lung invasion and local inflammation. Needle biopsy of a suspected lesion is a diagnostic option only if the infiltrate is safely accessible. The patient's clinical condition, high oxygen dependency, and thrombocytopenia, which are commonly present, all exclude the possibility of pulmonary biopsies. For this reason, there have been no studies so far to validate biopsy strategies to prove Candida pulmonary infections. Therefore, most reports on Candida pneumonia are based on isolation of Candida from sputum aspirates or BAL in the absence of other causative pathogens. A few autopsy studies in cancer patients claim to have identified Candida species as causing pathogens in pneumonia. Wakayama et al [11] found 9 cases of Candida pneumonia in a series of 149 autopsies in patients who had undergone hematopoetic stem cell transplantation. Haron et al [12] reviewed fatal cancer patients from a period of 20 years and could only find 55 cases with unequivocal evidence of primary candidiasis. el-Ebiary et al [13] undertook a small prospective study to assess the incidence and significance of isolation of Candida species from various diagnostic sites in critically ill, ventilated, and nonneutropenic patients. Quantitative cultures from tracheal aspirate and BAL could not discriminate presence from absence of Candida pneumonia established by autopsy findings. The general incidence of Candida in biopsy findings was found to be as high as 40%, but the definite incidence of Candida-associated pneumonia was found to be only 8% [13] . However, an elaborately designed study by Meersseman et al [14] provided no evidence for the existence for such clinical entity at all. The group was able to perform autopsies in a large number of patients who died in ICU. The routine tracheal surveillance cultures were used to classify the patients into 1 group having Candida species in their respiratory tract and 1 group who had not. In the postmortal examination, the presence of Candida pneumonia was established using histological criteria that included pseudohyphae and budding yeasts in an area with various signs of acute inflammation. Cases of Candida pneumonia could neither be found in 232 autopsied patients nor in 77 patients with pre-mortem positive tracheal aspirates. Taking into account the high number of patients colonized with Candida species in the tracheal tract, it seems a convincing conclusion that colonization alone does not lead to pulmonary infection [14] . We concede, by the present data, that it is convincingly proven that Candida species are at most a very rare cause of pneumonia. However, do these findings rule out the existence of Candida pneumonia as a clinical entity at all? The next question would be whether these Candida species colonizing the tracheobronchial tree are merely innocent bystander? It has recently been shown that mechanically ventilated patients colonized with Candida species were more at risk to develop Pseudomonas aeruginosa VAP. Those patients who received antifungal treatment had a reduction in P aeruginosa VAP. Furthermore, it could be demonstrated that colonization with Candida species is an independent risk factor for an increased morbidity and mortality in ICU patients. However, it could not be established convincingly whether colonization with Candida had a causative role or was merely a marker for poor outcome [15] [16] [17] . We hypothesize that under certain clinical circumstances, Candida pneumonia can indeed affect patients. However, the clinical presentation is neither specific nor characterized by the presence of sepsis and marked respiratory insufficiency. The presumed route of infection could be either a primary infection that occurs after oropharyngeal aspiration or a secondary hematogenous spread to the lungs in candidiasis. In a primary Candida pneumonia, concomitant Candida esophagitis and colonization of the upper respiratory tract can be frequently found. The presumed mechanism of pulmonary infection is aspiration of esophagopharyngeal contents. It is supposed that under certain circumstances, Candida organisms reach and invade distal air spaces. In this way, there is spread in the airspaces but no vascular invasion. In secondary pulmonary Candida infection, the inoculation with the microorganisms takes place by spread in the bloodstream from any distant site. This can be dissemination from the skin, translocation from the gastrointestinal tract, or spread from extensive mucositis. In this case, vascular invasion including small arteriols and capillaries around the pulmonary tissue can be found. Taking into account the scarcity of Candida pneumonia, a certain special clinical condition is needed to develop it. Diabetes mellitus has been associated with 20% increase in colonization by Candida species. Nicotine and alcohol abuse as well as use of steroids and prior antibiotic use have been linked to increased colonization with Candida species at various anatomical sites [18, 19] . An increasing number of immunocompromised patients due to immunosuppressive therapy (transplant recipients, immunomodulation in rheumatoid arthritis), malignancies, and infections (human immunodeficiency virus, granulomatous diseases) are treated in the ICU. Klapholz et al [20] described a patient with acquired immune deficiency syndrome who developed Candida pneumonia secondary to a tracheobronchial fistula.
CONCLUSIONS
In our institution, BAL has been used as a routine diagnostic tool for more than 10 years. By reviewing all 701 included BAL specimens and subsequently linking it to the clinical cases, we could identify 5 patients (0.7%) with Candida pneumonia. We concede that Candida pneumonia is a rare entity. However, we have gathered evidence that the condition can occur under certain clinical circumstances: (1) immunosuppression by cancer, sepsis, drugs, and malnutrition; (2) risk factors for increased Candida load as diabetes mellitus, nicotine and alcohol abuse, aspiration of gastric fluids, and diverticulum of the esophagus; and (3) broad-spectrum antibiotic treatment. Specific cutoff values for fungi in BALF are lacking. We emphasize that we do not want to promote overuse of antimycotic agents. We strongly believe in a meticulous diagnostic approach in pneumonia and tailored use of antimicrobial drugs. On the other hand, we should not withhold an effective treatment if the evidence is strong by declaring a clinical entity as nonexistent. In cases of serious respiratory failure, radiographic and laboratory evidence for pneumonia, and no other growth than a Candida in the BAL fluid, Candida pneumonia should be considered and subsequently treated.
